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o, 

CN \ AHOTau,i5i 

Q^' Otphmeho nopHflKOBi oii,iHKH fljiH HaftKpamHX pisHOMipHHX Ha6jiH>KeHt Tpnro- 

•^ , HOMeTpHHHHMH HOjiiHOMaMH Ta Ha6jiHJKeHfc cyMaMH (pyp'e KjiaciB 27r-nepio/],HHHHX 

r-^ \ HenepepBHHX 4)yHKii,iii, TaKHX, mo i'x (■0, /3)-noxi/];Hi /^ HajieJKaTb o/ihhhhhhm KyjiHM 

CN ' npocTopiB Lp, 1 < p < oo, y BHna^Ky kojih nocjii/],OBHOCTi ip{k) cna/],aioTb p<:> nyjia 
niBHflme sa 6yflb-HKy CTeneneBy 4)yHKLi,iio. AnajiorinHi oii,iHKH oflepjKani ^jih Ha6- 

■^ \ JIHJKeHb B L^-MeTpHU,!, 1 < S < OO, flJIH KJiaciB CyMOBHHX (^, /3)-flH4)epeHD;iHOBHHX 

^ \ 4)yHKii,iH, TaKHX, mo II ft II l< 1. 



'/3 

We obtained order estimations for the best uniform approximation by 
trigonometric polynomials and approximation by Fom'ier sums of classes of 2tt- 
periodic continuous functions, whose {ip, /3)-derivatives ft belong to unit balls of 



'/3 
spaces Lp, 1 < p < oo in case at consequences '0(^) decrease to nought faster than 

^ \ any power function. We also established the analogical estimations in L^-metric, 

0^ ' 1 < s < OO, for classes of the summable (^, /3)-differentiable functions, such that 

■^ : II f^ lli< 1 

cn , II -^^ lli^ ^• 

t;;-j^ I Hexafi C — npocxip 27r-nepioflHHHHX nenepepBHHX (|)yHKLi;iH, y axoMy HopMa sa^ana 

O ' 3a ^onoMoroK) piBHOcxi ||/||c = niax|/(t)|; L^ — npocxip 2-7r-nepioflHHHHX bhmIphhx i 

m ' * 

cyxxeBO o6Me>KeHHX 4)yHKn;iH f{t) 3 HopMoio ||/||oo = esssup |/(t)|; Lp, 1 < p < oo, 

t 
— npocxip 27r-nepioflHHHHX cyMOBHHX b p-uy cxeneni na [0,27r) 4)yHKu;iH f{t), b axoMy 

^ . HopMa 3aflaHa (|)opMyjioio ||/||p = ( J \f{t)\Pdt]'' . 

Hexaii ^ajii 4)yHKU,ia f{x) G Li, i i'l pa^i; Oyp'e Mae Bnrjia^ 

fc=l 
•(/^(/c) — 4)iKCOBaHa nocjii^oBnicxb ^incnnx nnceji, a /3 — ^eaxe ^iflcne nncjio. 5lKn];o pa^i; 

^ wTao y^^^^ ^°^ ( ^^ ^ T ) ^ ^^^^^ ^^^ \^^)) 

e pa^OM Oyp'e ^esKoi cyMOBHoi (J)yHKii;ii (^9, xo (|)yHKu;iio (^9 na3HBaioxb (^hb., nanpHKjia^, 
[1, c. 132]) (?/',/3)-noxiflnoio c|)yHKu;ii f{x) i no3nanaioxb ft{x). 



MnoxcHHy c|)yHKLi;iit f{x), y skhx icnye (t/^, /3)-noxiflHa nosHanaioTt. nepes Lt, a ni^- 

MHOJKHHy HenepepBHHX (|)yHKn;iH is Lt - nepea Ct. 

5Ikiii;o f E Lt, i BOflHonac /o' G 91 C Li, to KaacyTb, mo (|)yHKn;i5i / HajiejKHXb Kjiacy 

L'^^m. Hk^o or = 5°, Ae at = 5° = {v? : 1 1(/?| |p < 1, y? ± 1}, to noKjia^aioTb lJ5° = lJ^. 
5Ik noKasano b [1, c. 136], 5iKin;o nocjii^oBHicTi. ilj{k) mohotohho npHMye ^o nyjia npn 

^ < oo, TO ejieMeHTH /(■) mhojkhhh Ly. 



/c — )■ oo i ^ ^^ < oo, TO ejieMeHTH /(■) mhojkhhh Lt^ npH 6y;i,b-HKOMy /3 G M i Maflace 



fc=i 
;];ji3 Bcix a; G M npe^cTaBjiHioTtcH sropxKaMH 

/(a;) = ^ + - / */3(a; - t)</'(t)cit, ao G M, ^ G 9t, ^ ± 1, (1) 

2 TV J 

— 7r 

3 cyMOBHHM 5i^poM \l//3(t) p^A Oyp'e 3Koro Mae brtjisjx 

J2^{k) COS {kt-Bl). 
k=l 

ripH ii;bOMy (|)yHKii;i3 Lp{-) MafljKe cxpisb cniBna^ae 3 ft{-)- 5lKin;o ac / G C^OT, /3 G M, 
TO piBHicTb (1) BHKOHyeTbca fljiH Bcix a; G M. 

5lKiri;o ip{k) = k~^, r > 0, to KjiacH Lt e bI^omhmh KjiacaMH BeitjiH-Ha^a: Wa . 

ByfleMo BBajKaTH, in;o nocjii^oBHocTi iplk) e sByaceHHHM na MHoacnny HaTypajitHHx 
HHceji N flesKHX ^o^aTHHX, HenepepBHHX, onyKjiHX ^onnay (|)yHKH,iH ^(t) nenepepBHoro 
apryMeHTy t > 1 TaKHX, ii^o lim ipit) = 0. MnoJKHHy Bcix TaKHX cJ)yHKu;iii ip{t) nosHana- 

i— >oo 

THMeMo Hepea DJl. 

Sri^HO 3 [1, c. 159-160], KoacHiii (J)yHKn;ii ip E DJl nocTaBHMo y Bi^noBi^HicTb xapaK- 

TepHCTHKH 

riit) = rjiij; t) = i,~^ (^(t)/2) , ^^{t) = /i(7A; t) = ;^^^^, 
^e ip~^{-) — oGepnena j\o ip 4)yHKi];ia i posrjianeMO MHoacHHy 

3JT+ = {V' G 971 : /i(V^; t) t oo, t ^ oo} . 

Hepea 971^^ riosHanHMo ni^MHOJKHny (|)yHKii,iH ip G 9Jt+ , ^jih kojkhoT 3 skhx BejiHHHHa 
r){ip] t) —t o6MejKeHa SBepxy, to6to icnye cTajia Ki > 0, Taxa, mo r]{ip; t) —t < Ki, t > 1, 
a nepea 971^^ — ni^MHOJKHny (|)yHKn;iH ip G 971+ , flJiH kojkhoi 3 hkhx BejiHHHHa //(t/^; t) —t 
oGMeacena 3HH3y ^eHKHM ^o^aTHHM hhcjiom, to6to icnye cTajia K2 > 0, Taxa, mo 
7]{tlj;t)-t>K2, t> 1. 

Thhobhmh npe^cTaBHHKaMH mhojkhhh 9Jlj^ e 4)yHKu;ii iprit) = exp^—af^), a > 0, r > 
0, npHHOMy, aKmo r > 1, to ipr ^ ^oc ^ SKmo r G (0, 1], to ipr G 9JIq^. 

Hepe3 F npHfinaTO no3HaHaTH MHoacHHy 4)yHKn;iH ^ G 9Jt, TaKHX mo ri'{ip,t) = 
ri\ip,t + 0) < K. Bi^MiTHMo (^hb., naripHKjia^, [1, c. 165]), mo 93t^ C F. 

5lKmo ip G 9Jlj^, TO (^HB., HanpHKjia^, [2, c. 97]) mhojkhhh Ct cKjia^aioTBCH 3 HecKin- 
HCHHo flHcJ)epeHii,iHOBHHx (|)yHKii;iii. 3 inmoro 6oKy, hk noKa3aHo b [3, c. 1692], ^jih kojkhoi 
HecKinneHHO flH(|)epeHij,iHOBHoi, 27r-nepioflHHHOi (|)yHKn;iT / Moacna BKa3aTH (jDyHKii;iio ip 3 

MHOJKHHH 9Jlj^, TaKy mO / G Ct ^JIH ^OBijIBHHX /3 G M. 



MeTOK) ^anoi po6oTH e SHaxo^JKeHHS tohhhx nops^KOBHX oi^Ihok ^jia BejiHHHH BHrjia- 

£„(aT)x = sup||/(-)-5„_i(/;-)||x, 
fern 

fle Sn-i{f', ■) — HacTHHHi cyMH Oyp'e nopa^^xy n — l,9TcXcLi,a xaKoac SHaxoflaceHHii 
TOHHHX nopH^KOBHX oii,iHOK HaHKpamHX Ha6jiH>KeHb, to5to BejiHHHH Burjiafly 

Er,{m)x = svip inf ||/(.)-t„_i(.)||^, 

f£<yi in-l&l2n-l 

fle 72n-i — ni^npocxip ycix TpHroHOMexpHHHHX nojiinoMiB tn-i nopsflKy He BHmoro aa 
ra — 1, y HacxynHHX BHna^Kax: 

i)m = cjp, i<p<oo, x = c- 

2) ai = Lji, X = L„ l<s< cx) 

npH ^ G 971'^ i /3 G M. 

HpH X = Ls,l<s<oo 6y^eMo nosnaHaxH £^„(Dl)i^ nepea £^„(D^)s, a i?„(OT)i^ nepea 

^n(^)s Bi^nOBi^HO. 

3po6HMO KOpOXKHH icXOpHHHHH OrjIHfl flOCJiiflJKeHHa BejIHHHH £n{Lt ) s i En{Lt )s- 

P,jis KjiaciB BefijiH-Ha^Ji W^«p, npn ^oBijitHHx r > 0, /3gM, l<p, s<oo xohhI 
nopaflKOBi oi^Ihkh BejiHHHH £^„(W^p)s, _E„(PV^p)s Bi^oMi (;];hb., HanpHKjiafl, [4, c. 47-49]). 

y BHna;];Ky p = s = lip = s = oo bI^^omI xaxoac acHMnxoxHHHi piBHocxi npn n — )■ oo 
;i;ji5i BejiHHHH ^n(W^/3,oo)oo Ta £^„(PVJ]^)i, r > 0, /3 G M (ahb., HanpHKjia;];, poGoxn [5]-[7]). 

y BHna;],Kax p = s = l, p = s = cxd, p = s = 2Tap = 2is = oo BcxanoBjiem 
xoHHi sHaneHHa HafiKpamnx HaGjiHJKeHt. En{Wa^)oo Ta -E„(PVl\)i npn ycix n G N, r > 
i /3 G M (ahb. po6oxH [8]-[14]. 

Ha Kjiacax Lt xohhI nopH^KOBi oi^Ihkh BejiHHHH £n{Lt )g xa En{Lt )s y BHnafl- 

i_i 
Ky, KOjiH ip{k)kp " MOHOXOHHO HespocxaioxB i ip G B, p^e B — MHOJKHHa mohoxohho 

HeapocxaioHHx npn t > 1 ^o^axHHx (|)yHKii;iH ^(t), fljia kojkhoi s hkhx MOJKHa BKaaaxH 

jxojxarrwy cxajiy K xaxy, mo ^$t^ ^ K, t > 1, 6yjiH SHafl^eni y po6oxi [15] npn ^obIjiijHhx; 

1 < p, s < oo. 

HpH p = s = 2b [15] xaKOJK posB'asaHo sa^any npo xohhI sHaneHHa bcjih^hh SniLt )s 

xa En{Lt)s sa yivioBH sup'?/'(/c) < oo. 

k>n 

SasHaHHMo xaKOJK, mo npn p = 2 i s = oo a6o p = 1 i s = 2 xohhI snaHeHHH BejiHHHH 

oo 

£n{Ct )s flJia Bcix n G N, /3 G M sa yMOBH sGiacHocxi pa^^y ^ ip'^{k) SHafl^^eni y po6oxax 

[16] i [17]. 

B [18] BcxaHOBjieHo xohhI nopa^KOBi on;iHKH BejiHHHH £n{Lt )s xa En{Lt )s npn 1 < 
p < oo, s = oo, a xaKOJK npn p = lil<s<oo, y BHnaflKy kojih ip ^ B D Qp, p<e Qp, 
1 < p < oo, — MHOJKHHa MOHOXOHHO HespocxaioHHx (|)yHKn;iH ijj{t), fljiH HKHx icHye cxajia 
a > - xaKa, mp (|)yHKn,i5i f^ipit) Maflxce cna^ae. 

HpH ip G 2)Too5 ^^^ flpBijihHRx l<p,s<oo,raGNi/3GM xohhI nopa^KOBi on;iHKH 
BejiHHHH £n{Lt)s xa En{Lt)s, BcxaHOBjiem B [2, c. 225] (ahb. xaxoac [19, c. 48]) i Maioxt 

BHrjIH^ 

Cl]lHn) < E^{Ll^), < £^{Ll^), < C^J^H, (2) 

^e Cp,s, Cp,s — j^oj^arrui cxajii, mo aajieacaxt xijibkh Bm p i s. 



B [2, c. 219] (ahb. TaKOJK [19, c. 60]) sHafl^eHo xaKOJK tohhI nopa^KOBi on;iHKH BejiHiHH 

£n{Lt)g Ta En{Lt)s, npH tp G 2)T^, fl^Jiz ^^obIjibhhx l<p, s<oo, riGNi/^GM, axi 
MaiOTb BHrjia^i; 

C;^lHn){vin) - nr < E^iL^^), < £^{LI^), < C^^l^{n){r^{n) - n)", (3) 

^e Cp,s, Cp,i — ^o^axHi cxajii, mo sajiexcaxB tijibkh bi^ pis, a.a = p— s , HKmo 
p < s, i a = 0, HKmo p > s. 

Oii;iHKa 3Bepxy b cniBBiflHomeHHi (3) e cripaBefljiHBoio i y BHnaflKy p = 1, sa yMOBH 
p < s < oo (flHB. [2, c. 224]). 

y BHna^Kax p = s = l,p = s = oc,ip& 9Jtj^ i /9 G M b [20] BcxaHOBjieHO acHMnTOTHHHi 

piBHocTi ^jiH BejiHHHH En{Ct ) s 1 En{Lt )s- KplM Toro B [21] iipH p = s = ooTap = s = l 

OTpHMaHo TOHHi sHaHeHHH BejiHHHH En{Cp )s i En{Lt )s, /3 E M. 3a yMOBH, mo 4)yHK- 

u,m ip{k), A; G N iviae Hacxynm BjiacTHBOcxi: 1) A'^iplk) =i(j{k) — 2il){k + 1) + il){k + 2) > 0, 

^(fc) <p, 0<p< 1, fc-n,n + l,..., 2j ^(^) > ^^_^^^__. 

B [22] ;];ji3 ip G S!Jt^, sa yMOBH, mo noHHHaioHH 3 ;];e3Koro to > 1 '7(^) — ^ > 1? BcxanoB- 
JieHO TOHHi nopa^KOBi OIi;iHKH BejIHHHH £n{Ct )s, /3 G M ripH l<p<oo, s = oo, KOTpi 
MaiOTB BHrjiHfl: 

Ci>W(^H - n)^ < £n{cl^)^ < Ci'>(n)(r/(ri) - n)K n G N, 

'^^ ^^p' ^-ipp ^ flo^aTHi cxajii, mo 3ajiejKaTb bi^ ip i p. 

B ;];aHiH poGoTi BCTanoBjieHO tohhI nopa;];KOBi omHKH BejiHHHH En[Ct ) „, -E'„(L^^) 

i £^„(Lt^)_^ ^jiH flOBijibHHx l<p<oo, l<s<ooi/3GM, y BHnaflKy, kojih ijj G OJt^, 
liin {t]{iP, t) — t) = oo, ?7(t) — t > a > 2, fi(t) > b > 2. HpH ii;bOMy KOHcxaHXH b nopH^Ko- 

t—^oo 

BHx omHKax 3anHcyioTbC3 Hepe3 napaMCTpH 3a;];aHi b sBHOMy brtjisa}. OTpHMani oii,iHKH 
flonoBHioioTb i yxoHHioioTb 3ra;];aHi BHme pe3yjibTaTH po6iT [2, c. 219] (ahb. xaKoac [19, c. 
60]) xa [22]. 

Hepeii^eMO ^o BHKjia^y ochobhhx pe3yjibTaTiB. 

TeopeMa 1. Hexau ip G OJtj^, lira{ri{ilj,t) — t) = oo, [i E^, 1 < p < oo. Todi dAR 

n Efi, maKux, m,o rjiji) — n > a > 2, fi{n) > b > 2 cnpaeedAuei ouiuKU 

- — ' -lip \ ^ c I n^ 



< Ca,b {2pY-p4j{n){7]{n) - n)p, (4) 

^_ vr (a-l)^(a-2)^ 

" 96(l + 7r2)2 a3(3a-4) ' ^^^ 

Ca,fe = - max <^ - — - + -, 27r L (6) 

TT — 2 a I 



/l^oeedeHHsi meopejHU. CnoHaxKy on;iHHMo sBepxy BejiHHHHy £n[Ct ) . Sri^Ho 3 
iHTerpajibHHM 3o6pa>KeHHHM (1), ^jih flOBijitHoi (|)yHKn;ii / G L^^^, 1 < p < 00, ip ^ 971+ 



MaHJKe CKpiat. BHKOHyeXbCil piBHlCXb 



fix) - ^„_i(/; x) = - I v|/^.„(x - tMt)dt, (7) 



\\ip\\p < 1, <f ±1, 



00 n 

^(3At) = J2'^ik) COS {kt-l^). (9) 

fc=n 
HpH n;BOMy, aKmO / G C'n'p, 1 < P < 00, to piBHicXt (7) BHKOHyeXBCH B KOJKHifi XOHII,i. 

^ajii HaM 6y^e kophchhm xBepflJKeHHH po6oxH [1, c. 137-138]. 

TBepflJKeHHa 1. JIkiu,o h G Lp, 1 < p < 00, g G Lp/, ^ + -V = 1, mo sdopmna 

f(x) = - h{x- t)g{t)dt 



Henepepena na eciu oci, npuHOMy 

1 



c 



<-\\h\\j9\L. (10) 



B CHJiy XBep^JKeHHH 1, xa cJiopMyji (7) i 



-||*/3,n(-)|L,ll¥'(-)llp<-, 
TT II lip 7r ' 



Sn{ClX ^ ^\\'^U-)Lyi-)\\p < ill*/^.n(-)|L„ (11] 



/ P 



SacxocyBaBniH ^o 4)yHKn;iT \l//3,n(^) nepexBopeHHH A6ejiH, npn ^oBijibHOMy n G N 

O^epjKHMO 

00 
*An(^) = J2^Hk) - Hk + l))DkAt) - An)Dn-i,M, (12) 

k=n 

r. . N 1 /Stt A /. /37r\ 

BpaxyBaHHH bI^omhx cJiopMyji (^hb., HanpHKjia^, [2, c. 40,42]) 

. X 1 \r^ sin f A; + i) t , , , ^ 

Dkfiit) = - + V cos H = ^^ . A ^ < t < TT, 13 



2 ^ 2sm„ 



_ . s v^ , COS I — COS (k + ^)t , , ^ ^ 

Dk,iit) = VsinH = ^ ^ . \ ^—, 0< t < 71, 14 

■^^ 2 sm ^ 

i=i ^ 

fle DkQ — 3APO AipixJie nopa^Ky k, a -D^ i — cnpajKene a^po /Jipixjie nopa^^Ky k, p,03B0Jise 
sanncaxH 

-Dfc,/3(t) = COS —Dkfl[t) + sm — Z;fc,i(t) = 

B-K sin (/c + 1) t /Jtt cos | — cos (A; + |) t 

= cos ^ r^ + sm ? \ ^^ = 

2 2 sin I 2 2sin| 

sin((A; + i)t-^)+sin^cos| 

= ^^ ^^ M ? ^, 0<t<7r. 15 

2sin| ,11- \ > 

t t 
sin->-, 0<i<7r, (16) 

2 TT 



OcKijIbKH 



TO 3 (15) ojiepyKUMO 

3 4)opMyji (12) i (17) BnnjiHBae, m;o 



A.,/3(t)|<^, 0<|t|<7r. (17) 



|^/3,„(t)| <27rV'(n) — , 0< |t| <7r. 



KpiM Toro, sriflHO 3 (9) fljia ^OBijibHHX t G M 

oo 
oo „ 

|*/3,n(t)| < 5^^(fc) < ^(ri) + / ^{u)du. (19) 

fl,Jis oii;iHKH inxerpajia b npaBiii nacTHni (jDopMyjiH (19), CKopncxaeMOCB nacTynHHM 
TBep^jKCHHiiM po6oTH [23, c. 500]. 

TBep^xceHHSi 2. Hnm^o (pyHKii^w ip G 0?tj^, mo Oasi doewhHoso m G N, manozo, m,o 
fi{ip,m) > 2 euKOHyembCR yMoea 

2 
4'{u)du < ^—ilj{m){r]{m) — m). (20) 



5lKiri,o ^{ip,n) > 6 > 2, TO 3 nepiBHocxi (20), oxpHMycMo 

oo 

26 

il){u)du < ip{n){r]{n) — n). (21) 

3 ypaxyBaHHHM (JiopMyji (19) i (21), a xaKOJK yMOBH ?7(n) — n > a > 0, MaeMO 

|*/3,n(t)| < (^ + ^) ^(n)(r/(n) - n), a > 0, 6 > 2. (22) 



riOKJiaBniH Cafi = ^^^^^{^^ + a' ^^J'' '^^ BHKOpHCTOByiOHH c|)OpMyjIH (18), (22), OT- 

pHMyeMO 



-II* 



vr 



l3,nK^^>\\p 



V < 



< Ca,b^{n) 



( 



\ I— J7(n) 



(?7(n) - n)^'rft + 



dt 



\ 



)-n 



|t|P' 

-r4 <|t|<7r / 

r\\ri) —n — ' ' — / 



< 



< Ca,,i,{n) (77(n) - n)^ 2^ ( 1 + ^— ( l-^^T ^7^ 

\ p — 1 \ (?7(?T-) — ?^)^ 



i-p' 



< 



< a,62^ ( 1 



J. 

il){n) {ri{n) — n)p 



p' - 1 

11 1 

= Ca,b^^P^'4^{n) {^{n) — n)p , 1 < p < oo, a > 0, b > 2 

3 piBHocxi (22), oTpHMyeMo, mo ripH p' = oo 
1 



-ih&« (■)\\ 

P^ri-y J\\n' II ^Pi"V /lino — ■ \ I. O ' 



^ >/3,n(-)|L ^ Z 1 r^ + - ) i^{n){r]{n) - n) < 



(23) 



< Ca,bi^in)(r](n) -n), a>0, b>2. (24) 

3i cniBBiflHomeHb (11), (23) i (24) npn a > 0, b>2, l<p<oo oxpHMyeMO oii;iHKy 



^n[cl^)^ < Ca,b{2py~h{n){v{n)-n)-p. 



/],ji3 3aBepmeHH3 flOBe^eHHH xeopeMH 1, BpaxoByioHH oneBH^Hy HepiBHicxb 

noxpi6HO noKasaxH, mo sa yMOBH BHKonaHHa yMOB ip G SOT^ i r]{n) — n > 
> a > 2, /i(?7,) > 6 > 2, 3HaH;];exbC3 4)yHKii;i5i /* G C'^p, Taxa, mo 

EM*)c = ^ inf ||r(-)-t„_i(-)llc> 



TT (a-l)2(a-2)2 ,,,,,, ,1 ^ 
> — ^ ip[n)[ri[n) — njp , I < p < oo. 



(25) 



96(l + 7r2)2 a3(3a_4) 

IIosHaHHBmH n;ijiy nacxHHy ^iiicHoro HHCJia a nepes [a], posrjiHHeMo npn 3a;i,aH0My 
n &N (J)yHKij,iio 

(a-l)(a-2) 1 



f(3a-4)(^(^)_^)i-p 

^ (^['?W],[r?(r?(n))] (V^; 0; t) - Wn,[r,{n)] (V^; 0; t)) , « > 2, 



(26) 



B HKiii BejiHHHHH Wn^m{^', 'y',t) , N,M & N {N < M) osHanaroTbCH sa ;];onoMoroio c|)op- 
MyjiH 

M-l k 

W^^Mik 7; t) = j^-j^ Yl E ^(^■) "°^ (^'^ + ^) ' (27) 

jie '-f & W, a \{k) , k = 1,2, ... — (jDiKcoBana nocjii;],oBHicTb ^^iflcHHx HHceji. 

HoKajKeMo cnoHaxKy, mo 4)yHKij,m /p(-) Hajie>KHTb Kjiacy Ct , 1 < p < 00. /Jjih n;Boro 
flocHTb nepeKOHaTHCB y BHKOHaHHi HepiBHocxi 



(/.(■))^' 



< 1, 1 <p< 00. 



(2^ 



3 ii,ieio MexoK) cnoHaxKy noKajKCMo, mo ^jia (|)yHKii;ii PVAf,M(A; 7; t) cnpaBefljiHBe TBep- 
flaceHHS. 

JleMa 1. Hexau 7 G M, a A(fc), /c = 1,2,... — defiKa nocAidoemcmb diucHux hucca. 
Todi dAR doewbHux N, M ^N {N < M) Mae juicv^e piemcmh 



N 



Wn,ai{X] r,t) = J2 ^(^) ^os (^^ + ^) + 



k=l 



M-l 



M-N 



^ Y, (M - k) m cos (kt+j). 



(29) 



fc=Af+l 



/JoeedcHHSi acmu 1. PiBHicxt (29) BHnjiHBae is Hacxynnoro jiaHii,ioJKKa nepexBopent.: 

M-l k 



M-N 



k=N j=l 



/ N M-l 

—- J2 ^(^■) ^os (^'^ + 7) + - + J] A(j) COS (jt + 7) 



M-N 



d=i 



i=i 



N 



^A(A;)cos(H + 7) + 



fc=i 



[(M - iV - 1)A(A^ + 1) cos ((iV + l)t + 7) + ...+ 

AT 



M-AT 
+\{M - 1) cos ((M - l)t + 7)] = ^ A(A;) cos {kt + 7) + 



Jk=l 



Af-1 



+ 



^ ^ (M-A;)A(A;)cos(H + 7). 



M-AT 

A;=Ar+l 

JIcMy 1 flOBe^cHo. 

/],BiHi BHKopHcxaBniH piBHicxb (29), oxpHMyeMo 



Ivin)] 



Wlr,{n)]Mv{n))] (V^i 0; t) - Wn,[^{n)] [i^] 0; t) = ^ i){k) COS kt- 



k=l 



[r]{T]{n))] - [7]{n)] 



— y^i^ik) cos kt 



1 



[iliviri))]-! 

y {[ri{r]{n))] — k)ijj{k) cos kt— 

k=lrj(n)]+l 

lv{n)]-l 

y {[ri{n)] — k)ip{k) cos kt 

k=n+l 
^ [V{n)]~l 

y ip (k) cos kt — -——— y ([rj(n)] — k)ip(k) cos kt- 



fc=i 



[77(72)] — n 



fc=n+l 



1 



[r/(r/(n))] - [r/(n)] 



[,?(,?(«))] -1 

y {[ri{ri{n))] — k)'ilj{k) cos kt 



fc=[r,(n)]+l 



[ri{n)] — n 



+ 



[r?{n)]-l 

^ (A; — n)ip{k) cos H + ^jj{[ri{n)]) cos{[r]{n)]t) + 



k=n+l 
1 



[77(77(72))] - [7/(72)] 



[r,(»?{n))]-l 

^ ([7/(77(77.))] — A;) ^(/c) COS /ct. 



(30) 



k=[v{n)]+l 

OcKijibKH Wi\f^M{^',l',t) e TpnroHOMeTpHHHHM nojiinoMOM nops^Ky M, to ari^Ho 3 
osHa^eHHHM (?/;, /3)-noxi;];Hoi, cepe^ 4)yHKii;iH (PF7v,m('^; 7! ^))t snaiifleTbca xaxa, mo xa- 
KOJK e TpHroHOMexpHHHHM hojiIhomom Hops^Ky M. Ha^ajii caMe xaxy 4)yHKii,iio Gy^eMo 
poayMixH ni^ aanncoM {WN,M{^]l]t))t. 

BpaxoByioHH cniBBi^HomeHHa (30) xa osHaneHHH (?/^,/3)-noxiflHoi, ^jia ^OBijibHHX ip G 
9Jt, /3 G M oxpHMyeMo piBHicxb 

i^MnMnivin))] (V^; 0; t) - P^n,[,,(n)](V'; 0; t)) J = 

-^ Y^ {k-n)cosikt + — ]+ cos ( [7/(22)]^ + — 



[7/(72)] — 72 



k=n+l 
1 



[,,(r,(n))]-l 



[7/(7/(72))] - [7/(22)] 



5^ ([^(^(n))]_A;)cos[H + ^j. (31) 



JXjih ;i;oBefleHH5i nepiBHocxi (28) 6yfle kophchhm nacxynne xBep^JKeHHH. 
JleMa 2. Hexau ip G 9?tj^, 7/(72) —n> a, fi{n) >b,P— doeiAtne diucne hucao. Todi 
1) siKuifO a > 0, b > 0, mo 



i^lv{n)]Mv(n))] (^; 0; t) - Wn,[rj{n)] (^; 0; t)) 



< 



2) fiKm,o a > 2, b > 0, mo 

(M^[,,(n)],[r,(r,(n))](^;0;t) - PVn,[,,{n)] (^; 0; t)) J 



(32) 



< 



< + Nr^^ , 0<t<7r. 33 

-\a-\ a-2j t^ r]{n)-n ''" ^ ^ 

JJ^oeedeuHfi acmu 2. CnoHaxKy BcxaHOBHMo icTHHHicTt. oij,iHKH (32). 3 piBHocxi (31), 
BHHjiHBae, mo 



{W^r,{n)]Uv{n))]{tA:t)-WnMn)itA:t))l < , , .. ^{k - u) 



[r,(n)]-l 

[ri{n)\-n 



k=n+l 
[ri{ri{n))]-l \ ( \\ 1 

+i + rTT^T^TTT E ([^(^(n))]-fc)= ^^^"^^:"-\ l+ 

[r/(r/(n))] - [^{n)] ^^^^^^^ 2 

^ [ri{v{n))]-Hn)]-l ^ 1 (([^(^(^))] _ [^(^)]) + ([^(^)] _ ^)) . (34) 

mo6 oii,iHHTH BejiHHHHH [?7(?7(n))] — [77(n)] i [ri{n)\ — n BHKopHcxaeMo nacxynHe xBep- 

JleMa 3. Hexau ip G 971+ , ?7(n) - n > a > 0, /i(n) > 6 > 0. To(?z 
ij RKv^o a > 1, 6 > 0, mo 

1 ) (77(72) — n) < [7/(72)] — n < r](n) — tz; (35) 

a/ 

2) fiKm,o a > 2, b > 0, mo 

2 - -J (^H - ^) < [^(^("'))] - [^(^)] < ( ^ + ~ + 5 J (^*^^) ~ "-) • (2*^) 

/I,06edeHHfi ACMu 3. flpjra nepiBHicxb b (35) e oneBH^^Hoio. IIosHaHi-iBinH {a} = a— [a], 
npH 77(72) — n > a > 1 o^epacyeMO 

/ {r](n)} \ 

[7/(72)] — 72 = 7/(72) — 72 — {7/(72)} = (7/(71) — Tl) I 1 -— > 

\ r][n) — nj 

> (1 I ('7('^) ~ "-) • 

V «/ 

Thm caMHM (35) jxoBejxe'RO. 

111,06 nepeKOHaxHCb b cnpaBe;];jiHBOcxi HepiBHOcxeii (36), cnonaxKy noKaxceMO, in;o npn 
7/(72) — 72 > a > i ^{n) > b > Mae Micij;e cniBBiflHomeHHH 

- (7/(72) — n) < ri{r]{n)) — ri{n) < I 1 + t I (^('^) — n) . (37) 

^incHo, 6epyHH flo yBarn osHaneHHa cJ)yHKij,iT /i(t), fljia: ^obIjibhoi ip & DJl cnpaBefljiHBa 
piBHicxb 

,,)..(,, !K^)..(:,_L), ,3S) 
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OcKijibKH ip G 971+ , TO (|)yHKn;ia: -L- mohotohho npanye ^o nyjia npn t — ;■ oo. Hexaii 
/i(t) > 6 > 0. To^i B cHjiy (38), MaeMo 

3a3HaHHMo TaKOJK, mo fljiH flOBijibHoi (|)yHKii;iT ^ G 9Tt (ahb., HanpHKjia^, [1, c. 162- 
163|) 

"'W = 2^1)) ^i-'^ '•"'(" = "'(« + •"• («) 

3 (39) i (40), a xaKoac 3 piBHocxi 

nit) 



V{v{t)) - Vit) = / v'iu)du, 



BHHjiHBae (37). 

SacTocyBaHHa HepiBHOcxefi (37) npn a > 0, b > ^osBOjiae sanncaxH cniBBi^HomeHHSi 

[?7(?7(n))] - [r]{n)] < •r]{y]{n)) - r]{n) + {r]{n)} < ( 1 + t ) ('7(^) - n) + 1 = 

= ivin) -n)(l + -+ .J^_ ] < f 1 + ^ + ^ J (^(^) - n) , (41) 

a npH a > 2, b > — cniBBi;];HomeHHa 

[vivin))] - ivin)] > vivin)) - v{n) - Mvin))} > - (r/(n) - n) - 1 = 

= <''<"'-">G";m^)-G"^) <"'"'""'■ '*'' 

HepiBHOcxi (41) i (42) ^OBO^HXt (36). JleMy 3 ^OBe^eno. 

III,o6 nepeKOHaxHCb y cnpaBe^jiHBocxi (32), flocxaxHbo cKopncxaxHct. cjDopMyjioio (34) 
i sacxocyBaxH nepiBHocxi (35) i (36) jieMH 3. 

HepeH^eMO ^o flpBefl^enHSL HepiBHOcxi (33). B CHjiy osHaneHHa ('?/',/3)-noxi^Hoi xa na 
ni;];cxaBi (27) ^jia ^^obIjibhoi ip ^ DJl o^^epacyeMo 



{W[n{n)]Mv{n))] (^; 0; t) - W^Mn)] i'lp; 0; t)) 

[vMn))]'l k 






Yl X^V^(i)cosjt 



^ Mn)]~l k ^ ^ 

[V{n)]-n ^ ^ 
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[ri{ri(n))]-l k 



[vivin))] - [vin)] 



J2 J^cos Jt 



k=[v{n)] j=l 
k/(n)]-l k 



(371 



V V COS ( Jt + — ) 



{ri{n)\ 
SacTocoByioHH ^o npaBo'i HacTHHH piBHocxi (43) piBHicxB (15), xa cJaopMyjiy 



y sm (x + /cyj = sm I X H — y I 



- — y\ smiVycosec-, 



{p,we,., HanpHKjia;];, [24, c. 43]) is (43) oxpHMyeMo 



(W^[r,(n)],[,,(,,(n))](V^;0;t) - iy„,[^(„)] (^; 0; t))^ 



[77(,7(n))]-l 



[r,(n)]-l 



fc=[»)(n)] 



[r/(r/(n))] - [r/(n)] ^^^^^ ' [r/(n)] - n ^^^ 



1 



[r/(r/(n))] - [r/(n)] 
1 



t"^"^'-' sin((A: + l ) t + f ) - sin ^ cos | 



[?7(n)] — n 



2 sin* 

sin((A; + |)t + ^) - sin ^ cos 
2 sin I 



fc=[»7(n)] 2 

fc=n 
1 



[r,(r,(n))]-l 



2 sin I I [?7(?7(ra))] - [//(n)] 



E sin(^(^fc + 0t 



+ 



/37r 



fc=[,,(n)] 



[r,(n)]-l 



2(smi)'VI')(')(n))|-|')(n)lV V 2 2^ 2 

sm I M!)l( + ^^ sin l!?M( 

|r,(n)l - n. V V 2 2 ^ 2 

BepyHH flo yBarn piBnicxt (44) i nepiBnicxB (16), MaeMO 



{^[v{n)]Mr){n))] i^', 0; t) - Wn,[r,{n)] i^] 0] t)) 



< 



(43) 



(44) 
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< — 



1 



f^ \[7]{r]{n))] - [7]{n)] [7]{n)]-nJ' 

BpaxoByioHH (45), xa BHKopHcxoByioHH HepiBHocxi (35) i (36), oxpHMyeMo (33). JleMy 2 
;i;oBefleHo. 

BHKopHcxoByioHH jieMy 2, noKaaceMo BHKOHaHHa nepiBHocxi (28). 3 (32) BHnjiHBae 
oii;iHKa 



/ {^lv{n)]Mvin))] ii^i 0; t) - Wn,[n{n)] {'ip] 0] t)) 

\t\<-r^ — 



dt< 



< 



I I — ni n.) 



I (' + ^ + 4) ''"("'-")'* 



r]{n) — n 

K^ + i + ^l Mn)-nr\ 



a 3 HepiBHocxi (33) — on;iHKa 



/ {WMn)]Mriin))]{'^;0;t) - 1V„,[^(„)] (^; 0; t)) J 

-7-^ <|tt<7r 



dt < 



< 



a 2a 



a — 1 a — 2 



vr 



2p_ 



{r]{n) — nY 



—dt 

f-2p 



i <|t|<7r 

.1—77. I I 



ri{n)—n 



« +^)\^p^r]{n)-nY-' — 



a—1 a— 2 



<27r2p 



2p-l 
2a ^^ 



TT 



l-2p 



{ri{n) — nyp ^ 



< 



a—1 a — 2 
06'e^HyioHH (46)-(47), xa BpaxoByioHH oneBH^^Hy HepiBHicxb 

« 2a ^ 1 1 ^ , r. 

\ >H h— , a>2, 6>2, 

a-1 a-2 2a 26 



MaeMO 



[W[r,{n)]Mri(n))] {i^', 0; t) - Vr„,[r,(n)] (^; 0; t)) 



< 



< 



a 



< 2 



a—1 a — 2 
a 2a 



a—1 a — 2 

2 (1 + TT^) a(3a - 4) 
(a-l)(a-2) 



(l + TT^) ivi''^) — n) ~p = 
{rjin) — n) ^p , 1 < p < oo. 



(46) 



(47) 



(4J 



(49) 
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KpiM Toro, 3 (32) xa (48) BHnjiHBae, in;o npn a > 2 i b > 2 



[W[r,in)]Mv{n))] 0^] 0]t)- Wn,[rj(n)] (^; 0]t))t 



< 



1 1 \ , , , , a(3a — 4) , , , , 

■"'^Ya^Yb) <"<"' - "' ■= (a-l)(.-2) ''''"> - "' 

3 (26), (49) i (50) o^^epacyeMO oij;iHKy 



(50) 



im)] 



(a-l)(a-2) 



p 2(l + 7r2)a(3a-4)(^(^)_^)i-^ 



X 



{^[vin)]Mvin))]ii';^;t) - Wn,lr,in)]{i';0;t))'t 



< 1, 1 < P < oo, 



3Ka ;];oBO^HTb BKjnoHeHHH fp E Ct , npH Bcix l<p<ooi(3E 



(51) 



JJ^&jii noKa:»<;eMO, mo inyKaHoio 4)yHKii;ieio /* e 4)yHKij,m fp, to6to p^jis /*(■' 
BHKOHyeTbCH oii;iHKa (25). /JificHO, b CHjiy (30), 6aHHMO, mo fl^jis 6y^b-aKoro xpHroHOMex- 

pHHHOrO nOJlinOMa tn-l E 72n-l 



(52) 



(W^[»7(n)],[»7(»7(n))](l;0;t) — iy„j^(„)] (1; 0; t)) t„_i (t)c?t = 0. 

Is (26) xa (52) MaeMo 

/ {fp{t) - tn~lit)) {W[nin)Uri{riin))]i^; 0; t) - W^nJryH] (1; 0; t)) dt 



fp{t) (VF'[^(„)]^[^(^(„))](l;0;t) - iy„j^(„)](l; 0; t)) dt 
(a-l)(a-2) 1 



■X 



2 (1 + 7r2) a(3a - 4) (^(^) _ ^)i-f 
X / {W[n(n)]Mvin))]i^'^ 0; t) - Wn,[ri(n)]i'4^'^ 0; t)) X 



X {W[n(n)],Mvin))] (1; 0; t) - W„,[^(„)] (1; 0; t)) dt. (53) 

SacxocoByioHH piBHicxB (29) pp djiynKu^m H/Ar,M(A; 7; t) npn \{k) = 1, 7 = 0, iV = n, 
M = [//(n)], a xaKOJK npn A(/c) = 1, 7 = 0, iV = [//(n)], M = [77(77(72))], i fl^imnn xax caMo, 
5IK i npH flOBefleHHi cniBBi^HomeHHa (30), jierxo noKaaaxH, mo 



W[rj(n)]Mv(n))]{^;0;t) " W^n,[,,(n)] (1; 0; t) 
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Mn)]-1 



Ivin)] - n ^^^^^ 



Ha ocHOBi piBHocTeft (30) i (54), a xaKOJK (|)opMyji 



2^ (A; — n) cos H + cos([?7(n)]t) + 

y^ {[ri{ri{n))]-k) cos kt. (54) 



OTpHMyeMO 



7 ^ ^7^ J 0, k ^ m, . ^^ 

cos kt cos mtat = < , k,m G N, 

' vr, k = m. 



{W[n{n)]Mvin))] (V'; 0; t) - M^n, [,,(„)] (V'; 0; t)) X 



X (Vr[r,(n)],[r,(r?(n))](l;0;t) - W„J^(„)] (1; 0; t)) dt 
[r?{n)]-l 

^ i!{k){k-nf+ 



n 



([r/(n)]-n)2^^ 

TT 

([r/(r/(n))] - [r]in)]f 



=n+l 

[r,(r,(n))]-l 

+vr^([,(n)]) + ^,^^^^^,,;_ ,^^^,,,, E V^(A.) ([r,(r,(n))] - fc)^ (55) 

k=[ri{n)]+l 



OckIjibkh ip[t) MOHOTOHHO cnafl^ac, to, sri^HO 3 osHaneHHSiM xapaKxepHCTHKH rjit), 
MaeMO 

[r,(n)]-l 

([^(^)^_^)2 E V^(A^)(A;-n)^ + 7rV^([r^(n)]) + 

[»?(»?(n))]~l 



> 7r^(r/(r/(n))]) U^y^^ ^ J2 (k - nf + 1- 

^ [n(v(n))]-i 

([r/(r/(n))] - ^nW ,^j^,^, 

( [»7(n)]-n-l 

-^— -^ -^ V A;2 + 1+ 



-^ [r,(r?(n))]-[r?{n)]-l 



([r/(r/(n))]-[r/(n)])2 ^^^ 
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E ^M • (56) 



BHKopHCTOByioHH (JaopMyjiy (^hb., HanpHKjia^, [24, c. 15]) 

M 

^ 2 ^W l^^^ + 

~ 6 



^^,^M(M + l)(2M+l)^ M.N. 



npH M = [?7(n)] — n — 1 xa M = [?7(?7(?^))] — ['7('^)] — 1, o^epxcyeMo 

[r;(n)]-n-l [^(^(n))]-[^(n)]-l 

^ y^ A;2 + 1 + ^^ V k"^ 

{[r,{n)]-ny ^ ([^(^H)]-[r/H])2 ^ 

_ ([r/H] - n - 1)([77H] - n){2[7^{n)] - 2n - I) ^ ^ ^ 
6([^(^)] ~ ^)^ 
I ([r/(r/(n))]-[r/(n)] - l)([r7(r;(n))]-[r/(n)])(2[r7(r/(n))]-2[r/H]-l) _ 

6([r/(r/(n))] - [r/(n)])2 

([r/(ra)] - n - l)(2[r/(n)] - 2n - 1) 



6([?7(n)] — n) 

I ([r/(r/H)] - [r^{n)] - l)(2[r/(r/(n))] - 2[r/(n)] - 1) _ 
6([r/(r/(n))] - [r/(n)]) 

^ {2Mn)] -n) + 2([r/(r/(n))] - [r/H]) + ^^^^|j_^ + 

1 



(57) 



[r/(r/(n))] - [r/(n)]y ' 
B cHjiy HepiBHocxeil (35) i (36), npn a > 2, MaeMo 

^ (2([r/(n)] - n) + 2([r/(r/(n))] - [r/(n)]) + ^^^^|j_^ + 

> {rj{n)—n). (5^ 



[77(77(77.))] — [7/(77.)]/ 6a 

06'e^HaHHa (|)opMyji (53)-(58) flosBOjiae sanHcaxH nacxynny oij,iHKy, cnpaBeflJiHBy 
fljiH 6yflb-siKoro t„_i G 7i„_i: 



TT 

/ (/p(i) - tn~l{t)) (W^[r7(n)],[r,(r,(n))](l; 0; t) - Wn,[r^{n)\{'^] 0; t)) c/t 



> 



7r(a— l)(a — 2) ,, x, . x ^i , , 

48 (1 + TT^j a^ 

3 iHinoro 6oKy, b CHjiy (27) i oaHaneHHa: (■?/', /3)-noxi^Hoi npn /3 = 

W[r^(nj\,[q(r,(n))]{^]^]t) " lV,x,[^(n)] (1; 0; t) = 
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= {W[rj(n)]Mvin))]{^;^;t) " W„,[r,(n)] (^; 0; t))^ , (60) 

TOMy BHKopHCTOByioHH HepiBHOcxi (10) i (49), oxpHMyeMO 

■K 

/ (fpit) - tn-lit)) (iy[^(n)],[„{„(n))](l;0;t) - W„,[^(n)](l;0;t))rft < 

— TT 

^ ll/p(^) -^n-l(^)||oo ||(M^[??(n)],[r?(r?{n))](l;0;t) - 'iy„J^(„)](l;0;t))||^ < 

[a — l)[a — 2) 



3 (59) i (61) BHHjiHBae, mo ^Jia ^OBijibHoro t„_i G 72 



2n-l 



,, . / X / M, 7r(a — l)^(a — 2)^ ,/ x/ / x xi 

||/,(t) - t„_i(t)||oo > ^^,;^ '\,^ ' ^M n){r,{n) - n). = 

96 (1 + vr^) a'^(3a — 4) 

= a7A(n)(r/(n)-n)i. (62) 

Is (62) j\ji^ KjiaciB Ct npn il) G 971+ , lim (?7(?/^, t) — t) = oo, 

?7(n) — n > a > 2, /i(n) > 6 > 2, /3 G M o^epacyeMo oi],iHKy (25). TeopeMy 1 ^oBefleno. 

BajKjiHBHM npHKjia^oM c|)yHKn;iii ^/^(t) 3 mhojkhhh OKj^, hkI saflOBOjitHHioTB yMOBy 
lim {rj{ip, t) — t) = oo, e (|)yHKLi,iT 



t—>-oo 



ipr{t) = exp{-af), a>0, r G (0, 1). (63) 

JXjis hhx r]{ipr]n) = (a~^ In 2 + n*^') '■ . Tofli, BHKopHCTaBniH ysarajitHeny HepiBnicTb 
Bepnyjijii 

{1 + xY > 1 + px, X > -1, pe (-00, 0] U [1, cx)), 

OTpHMyeMO 

(/ In 2 \ ~ \ In 2 
1 + - 1 > n^~'\ n G N. (64) 

\ an'' J I ar 

3 4)opMyjiH (64) BHHjiHBae, mo ^jih Bcix HOMepiB n > 1 + (^) ^"'' BHKOHyeTbca 
HepiBHicTb 

ri{ipr] n) — n > a > 2, 

npH 

„ = „(„,,) = _ 1+ _ ) , (65) 



B cHjiy (65) 



p{il)r]n) 



n 
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i, 5IK HeBajKKo nepeKOHaTHCb, ^jih Bcix n > 1 + 2 ( ^,g"_^^^. J '' BHKOHyexbCH nepiBHicTb 

/x(V't-; n) > 6 > 2, 



h = b{r, a) 









(66) 



3 HaBefleHHx BHiri;e MipKyBanb BHnjiHBae, mo ^o KjiaciB C a ^ nopoflaceHHx nocjii;];oB- 
HOCTHMH Vrl^) BHrjis^^y (63) MOJKHa sacTocyBaxH TeopeMy 1, b yMOBi skoi napaMexpn a 
i h BHSHanaioTBCJi cJiopMyjiaMH (65) i (66) Bi^noBiflHO. B peayjitTaxi o^epjKHMo HacTynne 

TBep^JKeHHH. 

Hacjii/i,OK 1. Hexau ipr{t) = exp {—af) , r G (0, 1), a > 0, 1 < p < oo, /3 G M. Todi 
dAH ycix HOMepie n, manux, vu,o 

f/2ra\^ / In 2 
n > 1 + max { - — ,2 

cnpaeedAuei o%iHKu 

aexp(-ari'^)np M -^ + iy -ij < 



' i 



<a,fe(2p)^-^exp(-«n'-)ni n^ + lV-lj , (67) 



(?e ecAUHUHU Ca i Ca,b osHaHammhCfi (popjuyAaMU (5) i (6) npu a = a{a,r), b = b{a,r), 
iu,o sadani sa donoMosow pieHocmeu (65) i (66) eidnoeidno. 
3a3HaHHMo TaKOJK, mo ockIjibkh 

rjiiPr] n)-n = nil^ + l] -l)>< n^~'\ ^ e (0, 1], « > 0, 

TO 3 (67) BHHJIHBaiOTB HOpSflKOBi plBHOCTi 

^n (Cj,;) ^ X E„ (Cj;) ^ X exp i-ann n'?' , 1 < p < oo, (68) 

^e sannc A{n) x B{n) {A{n) > 0, B{n) > 0) osnanae icHyBaHHa ^o^aTHHx cxajiHx Ki i 
K2 TaKHx, mo KiB{n) < A{n) < K2B{n), neN. 

J^jis BejiHHHHH EniCt''] oi^iHKa (68) BcxaHOBjiena b poGoxi [22]. 
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'^'P'C 



TeopeMa 2. Hexaii tp e 9JI+, lim (?7(?/;, t) - t) = oo, 1 < s < oo, - + ^ = 1, l3 e 
M. Tcx^z (?yi^ doeiAhHux n G N, manux, m,o rjiji) — n > a > 2, ^{n) > b > 2 cnpaeedAuei 

OV^iHKU 



Ca^{n){7]{n) - n)v < E^{lI,) ^ < £n{Lli)s < 



(69) 



<Ca,b {2s'y^{n){7]{n)-ny , 

de ecAUHUHU Ca i Ca,b osHaHammbCR (popjuyAaMU (5) i (6) eidnoeidno. 

/l^oeedeHHsi. ^jih oxpHMaHHii oij,iHKH sBepxy BejiHHHHH Sn^La^s BHKopHcxaeMo in- 
TerpajibHe 3o6pa>KeHH5i (7) xa HepiBHicxb lOnra (ahb., HanpHKjiafl, [1, c. 293]). Tofli ^jih 

^ObIjIBHHX 1 < S < OO, O^epJKHMO 



^n(4,l).<^ll*/3,"(-)||jb(-)l|l<^||^/3,n(-) 



TT "■' TX 

I3 cniBBi^HomeHb (23) i (24) sa yMOB xeopeMH 2 BHnjiHBae HepiBHicxb 
1 



TT 



|^/3,n(t)||. < Ca,, {2s')-^i,{n) {r]{n) - n] 



i 1 ^ 1 , 1 1 
" ■, l<s<oo, — I = 1. 



(70) 



(71) 



06'eflHyioHH (70) i (71), o^epxcyeMo on;iHKy sBepxy ^jia BejiHHHHH £n{Lti)s b cniBBi^Ho- 
meHHi (69). 

111,06 o^epjKaxH OH,iHKy 3HH3y BejiHHHHH En[Lt ^^ , 1 < s < 00, posrjiaHeMO 4)yHKn;iio 
fp{t) BHrjiHfly (26) npn p = 1, xo6xo (|)yHKU,iio BHrjia^y 



/i(t) = /i(n,V^,t) 



(a-l)(a-2) 



2(l + 7r2)a(3a-4) 

^ {^Mn)]Mv(n))] (^; 0; t) - Wn,[rj(^n)] (^; 0; t)) . 

B CHjiy cniBBi^HomeHHa: (51) npn p = 1 ^jih {ip, /3)-noxi^Hoi (|)yHKn;ii /i(-) BHKOHyexbca 
HepiBHicxb (/i(-))a < 1, a oxjkc Mae Micn;e BKjiioHeHHa /i(-) G Lt ^. 

HoKaJKeMO xenep, n];o npn flOBijibHHX ■?/' G 2Jt^, lim (?7('i/', t) — t) = oo 
r/(n) - n > a > 2, /^(n) > 6 > 2, /3 G M 



f— ^oo 



K(/i). > Ca^p{n){r]{n) - n)v , 1 < s < oo. (72) 

3 HepibHocxefi (10), (49), (50) xa piBHocxi (60), ^jia Gyflb-sKoro t„_i G T2n-i, MaeMo 



(/i(i) -in-i(t)) (Vr[r,(„)],[„(„(n))](l;0;t) - iy„,[^(„)] (1; 0; t)) c/t < 



< Wfiit) - tn-i(t)||. II (iy[^(„)],[^(^(„))](l; 0; t) - iy„j^(„)](l; 0; t)) ||^, 



||/i(t) -t„_i(t)||, (H^[^(„)],[^(^(„))](^;0;t) - Wn,[^{n)]{'ip;0;t)) 



< 
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2 (1 + vr^) a(3a — 4) , , , xi i ,, ^ / x , ^u /«„x 

^ ( Vv ON \ vin)-n)'-^ Mt)-U,.,it)U. 73 

(a — lj(a — 2) 

3i cniBBiflHomeHb (59) i (73) BHnjiHBae HepiBHicTb, cnpaBefljiHBa fljia 6y^b-aKoro 

tn-l G 72n-l 

= Ca,b4^{n){7]{n) - n)^ . (74) 

Thm caMHM HepiBHicTb (72) ;];oBe;];eHO, a pasoM 3 Heio i TeopeMy 2. 

Hacjii/i,OK 2. Hexau iprit) = exp (— af) , r G (0, 1), a > 0, 1 < s < oo, ^ + ^ = 1, 
/3 G M. Tb(?z (?yi^ ecix HOMepie n, maKux, m,o 



1 1 



/2ra\ 1-' / In 2 \ 
n > 1 + max < ,2 —, 

- 1 Vin2y ' V"(3''-2'^)/ 



cnpaeedAuei ov^iuKU 



■ 1 



aexp (-an^)n^ 1(^ + 1) -l) < 



<E„(Lj;-,)^<f„,(Lj;J, < 

< C,,, (2/)^ exp i-an') n^ ( ("^ + iV - 1 



de ecAUHUHU Ca i Ca,b osHaHammbCfi (popjuyAaMU (5) i (6) npu a = a{a,r), b = b{a,r), 
111,0 6 ceom nepey sadani sa donoMosom pieHocmeu (65) i (66) eidnoeidno. 

TaKOJK ^ji5i BejiHHHH En[Lt\^ , r G (0, 1], a > 0, 1 < s < oo, -^ + ^ = 1, Moacna sa- 
nncaxH aHajiorinne flp (68) cniBBi^HomeHHa 
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